連続力学系におけるホモクリニック軌道の精度保証による検証について by 山野 駿 & Shun Yamano
修 士 論 文 の 和 文 要 旨 
 
研究科・専攻 大学院  情報理工学研究科 情報・通信工学専攻 博士前期課程 
氏    名 山野 駿 学籍番号 1431108 
論 文 題 目 連続力学系におけるホモクリニック軌道の精度保証による検証について 
 要  旨 
 本論文では，与えられた常微分方程式で記述される連続力学系がホモクリニック軌道を持
つことを，精度保証の技法を用いて検証する方法について論じる．この方法が適用できれば，
問題としている力学系にホモクリニック軌道が存在することが数学的に証明され，かつ，そ
の存在範囲が特定されてホモクリニック軌道を捕捉することが可能となる． 
常微分方程式で記述される連続力学系において，右辺が時間変数 t を陽に含まないとき，
これを自励系という．また，自励系において，方程式右辺の零点 x*を不動点と呼ぶ．時刻 t=0
で初期点 x から出発する解軌道 φ(t, x)のうち，時刻が正の無限大に向かう時と負の無限大に
向かう時に，ともに x*に収束するものをホモクリニック軌道と呼ぶ．時刻が正の無限大・負
の無限大に向かう時に収束する不動点が異なる場合には，これをヘテロクリニック軌道と呼
ぶ． 
 与えられた力学系がホモクリニック軌道を持つかどうか分からない場合に，その存在自体
を検証する方法を考える．ここでは，k 個のパラメータを導入して力学系の集合を扱い，そ
の集合の中にホモクリニック軌道を持つ力学系が存在することを示す．これが本論文におけ
るホモクリニック軌道の捕捉の意味である．なお，検証が成功すれば，ホモクリニック軌道
の空間的な存在範囲も特定できる． 
 パラメータの個数 k は，扱う力学系の不動点の特性によって定まる．k=1 の場合について
は，Lyapunov関数を精度保証で構成した上で，中間値の定理を適用する検証法が松江・山本
によって示されている．k=2 の場合，もはや中間値の定理は利用できないが，写像度の議論
を用いた新しい検証法の理論的準備が松江・山本により整えられている． 
   本論文では，この理論の実際の適用を試みることを目的とする．例題に則して理論の整理
を行った後，ホモクリニック軌道の精度保証による検証を行い，その存在を証明するととも
に存在範囲を特定する． 
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1. ???????????Dp?????????????????????
??????????????????????????????????
??f(x)???????????????????????? (a; b???)
????????????
2. f(x)???? x???? Lyapunov?? L(x)??????
Lyapunov??????????? L 1(0)???????????????
L+ = fx j L(x) > 0g?L  = fx j L(x) < 0g ???????????L+?
???????????? L ????????????
3. ???? Lyapunov????????? Lyapunov??DL???????
??????????? (a; b) 2 Dp???????Lyapunov??????
f(x)??????????????????????????Dp????
???????????Dp????????? Lyapunov??? Lyapunov
?????????????????
4. Lyapunov????????????????L 1(0)????? ????
DL1?????? ?????L 1(0)??????????????? L 
??????????????????????????? l?????
???????
5. ???????????? x0????? [X0]????????????
???????t < 0????x0?????'(t;x0)?DL1???????
?????????????????? ???????????????
? (5.3.2???)?
6. t > 0????'(t; [X0])? Lohner??????????????????
??? x??????? T0 > 0? L+?????????????
7. '(T0; [X0])?x?????????Dh???????? @Dh???L+?
??????????????????????
8. ???????Dp???@Dp???? (a; b)????'(t; [X0])??? T^ > T0
? L ???????????????????
9. L ? x?????  ?????R3??  ?????? P ??????
fP '(T^ ; [X0])g??x????????E?????????????
10.  ?? x?????????? l??????E??? z???????
? z   x? l????? ????
????? (a; b)? @Dp????????? ?? ????????
?????????
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5 ?????????????
?????? 4????????????????????
5.1 ?????????
???????????????????????????????????
?????????? [2]?[10]?[11]????????
 ???
R2??? S1????f : S1 ! S1?????????? x? S1????
????????????? f(x)? S1????????????????
??????????f ????????degf ??????? IS????
?????????
 Brouwer??????
Bn? n???????????? n  1????? Sn 1????
F : Bn ! Bn??????????? Sn 1???????? FS ????
FS(S
n 1)  Sn 1?deg(FS) 6= 0?????????F ????????
G : Bn ! Bn?????????????F (x) = G(x)???x 2 Bn??
????
?????????n = 2?????????
 ?????????
????X?????? Y ????????? F; F 0 : X ! Y ?????
??? Fh : X  [0; 1]! Y ?????
Fh(x; 0) = F (x); Fh(x; 1) = F
0(x); x 2 X
??????????????F ? F 0????????????????
???????? Fh? F ?? F 0??????????????? F; F 0 :
S1 ! S1????????????????????????degF =degF 0
????
 Interval Simplex Theorem(IS??)
???????????????? 0?????????????????
?????????????
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R2??? S1??????S1?????????? f ?????????
??S1????????????????????????C1?C2?C3??
C1 = fz 2 S1j0  arg(z)  2s1g
C2 = fz 2 S1j2s1  arg(z)  2s2g
C3 = fz 2 S1j2s2  arg(z)  2g
????????0 < s1 < s2 < 1????
?????S1?? V1?V2?V3?????C1?C2?C3? f?????????
??
V1 \ V2 6= ? (1)
V2 \ V3 6= ? (2)
V3 \ V1 6=  (3)
V1 \ V2 \ V3 =  (4)
????????
?????f : S1 ! S1????? 0?????
(??)
t 2 R????
e(t) = exp(2it)
??????? f e : R! S1????? [0; 1]???????? f^ : [0; 1]!
S1???????f^(0) = e(t0)??? t0 2 R ???????
??? [9] 
f^ : [0; 1]! S1????????x0 2 [0; 1]????
1. f(x0) = e(t0)?????? t0???????? ~f : [0; 1]! R ??
e  ~f = f^ ?? ~f(x0) = t0???????????????
2. ???? ~f?~g : [0; 1] ! R? e  ~f = e  ~g = f^ ??????k =
~g(x0)   ~f(x0) ?????k???????? x 2 [0; 1]????
~g(x) = ~f(x) + k?????? 
??????
e  ~f = f^
~f(0) = t0
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?????? ~f : [0; 1]! R?????????f ?????
deg f = ~f(1)  ~f(0)
???????????????t0???????????????????
???????????deg f = 0??????
deg f = 0??? ~f(1) = ~f(0) = t0??????? ~f(s1) = t1?~f(s2) = t2?
???V1?V2?V3  S1? e????? e 1(V1)?e 1(V2)?e 1(V3)  R???
????????????????????
U1  e 1(V1) : [0; s1]? ~f????
U2  e 1(V2) : [s1; s2]? ~f????
U3  e 1(V3) : [s2; 1]? ~f????
????????????????????? (4)???
U1 \ U2 \ U3 = 
??????????
????t0 2 U1 \U3????????t1 2 U2? t2 2 U2? t0???????
?????????????????????????????
1. t1?t2???? t0???????????????
t0 < t1 < t2?????
[t0; t1]  U1
[t1; t2]  U2
[t0; t2]  U3
???t1 2 U1 \U2 \U3?????????????????????
???????
2. t1?t2????? t0??????????????
t1 < t0 < t2?????
[t1; t0]  U1
[t1; t2]  U2
[t0; t2]  U3
???t0 2 U1 \U2 \U3?????????????????????
???????
?????????????????????????deg f = 0????
?????
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5.2 Lyapunov?????????????????
???????????Lyapunov??L(x)???????????Lyapunov
????? L(x) < 0????? L ?L(x) > 0????? L+???????
??????L 1(0)???????????????????????????
???
???????????????????????????????????
?????????L ; L+??????????????????????L ?
?????????????????????L+??????????????
??????????????????????L+?? Lyapunov??DL??
???????L ??DL????3.3????? Stage?????????DL1
????????
?????????????????????????DL1?????????
?????? h-set????? [8]?
?????
dx
dt
= f(x); x 2 R3
????????x = 0?????????????????????????
????????????????????????????????????
???????????????
??????????DL? Lyapunov??
L(x) = xTY x
?????????????DL1  DL???????
DfT (x)Y + Y Df(x) < 0 (????????????)
???? x 2 DL1?????????????
???L   DL???????????DL1  DL????????????
??????????????????Dh?????Dh??? @Dh???x?
???L ???????????
< 1 > ???? "???????? " < t < 0????
'(t;x) 2 Dh
????
< 2 > ?????? t 1?????
'(t 1;x) 2 L+
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???????????
???????????????????????????????????
???????????????????L+  DL????????Lyapunov
??DL?????????????????????????????????
Dh????Dh??? @Dh??? x??? L+???????????
< 1 > ???? "???????? 0 < t < "?????
'(t;x) 2 Dh
????
< 2 > ?????? t+1?????
'(t+1;x) 2 L 
???????????
?????Dh???????????????????L 1(0)???????
?????????????????
????Dh??????????????????????????????
????????? Lyapunov??????????????????????
?????
???@Dh???x?????????????????????< 1 >??
????????????? f(x) ???????????????????
????????@Dh?????????????????????????
??????????????< 1 >,< 2 >????????????????
?????????
5.3 ??????????
? 4???? 4?????????????????????5.3.1?????
????????????????Dp???????????????? 5.3.2
?????
5.3.1 ??????
Lyapunov????????????????L 1(0)???????Lyapunov
????? Stage1???????????DL1?????? ?????L 1(0)
??????????????L(x) < 0?????????????????
????????????? l????????????
????????????????????? ?????????????
??????????
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1. ?? ?????? [1]; [2];    ; [m]??????
2. ??????????????????????????????????
????????
3. ??? Lyapunov??????? L+????????????
4. ??????????????????????????????
???????????? 4?????????????????? [X0]???
??????????????? x0 2 [X0]????
5.3.2 ???????
?? Y ???????????????????????????? v????
?????? L+??????
L1 = fx 2 L+ j vTx > 0g;
L2 = fx 2 L+ j vTx < 0g
??????????  Dh???????x 2 ?????????????
???
???'(t1;x) 2 L1??? t > t1??????? t < 0???? '(t;x) =2 L2??
? t1 < 0??????
???'(t2;x) 2 L2??? t > t2??????? t < 0???? '(t;x) =2 L1??
? t2 < 0??????
?????? t < 0???? '(t;x) 2 Dh \ L 
????? ??????????L 1(0)??????????????????
????????L1 \ L2 = ????????????????????????
???'????????????????????????????????
????????Lyapunov????????????????????????
?????? ?????????????????????? ??????
???????????????????Dh????????????????
????????????
???????? (a; b) 2 Dp? ?????x0?????????F0 : Dp ! 
???F0?Dp????????????????????? ???????
????????????????????????????????????
???
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??? x = 0?????????????????????????????
x?????DL? Lyapunov??
L(x) = xTY x
??????????DL1  DL???????
DfT (x)Y + Y Df(x) < 0 (??????)
???? x 2 DL1????????
???????????????
??? 
????????? x1;x2 2 DL1?????
y = x2   x1
?????
L(y) < 0
???? 
(??)
(1) ??????x1(t);x2(t) ??? DL1??????????? t 2 R????
dL
dt
(x2(t)  x1(t)) < 0
????????????????????? L??????
dL
dt
(x2(t)  x1(t)) = (f(x2)  f(x1))TY (x2   x1)
+ (x2   x1)TY (f(x2)  f(x1)) (5)
?????????x1(t)?x2(t)???????DL1??????????
??????????
f(x2)  f(x1) =
Z 1
0
Df(x1 + s(x2   x1))ds(x2   x1)
?????????x1x2? x1(t)? x2(t)????????
Df(x1x2) = fDf(x)jx 2 x1x2g
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?????????
Df(x+ s(x2   x1) 2 Df(x1x2); 0  8s  1
??????????????????Df(x1x2)(x2 x1)???????
????????????? ~x 2 x1x2?????
f(x2)  f(x1) = Df(~x)(x2   x1)
??????
~Df = Df(~x); ~x 2 x1x2
?????
dL
dt
(x2(t)  x1(t)) = (x2(t)  x1(t))T ( ~DfTY + Y ~Df)(x2(t)  x1(t))
?????????? ~DfTY + Y ~Df < 0??????? (5)??????
???
(2) ?????????? x1;x2 2 DL1????
y = x2   x1
?????????x1??? x2???????? t < 0????????
???????DL1???????(1)??
L('(t;x2)  '(t;x1)) > L(y)
???? t < 0??????????x1;x2??????????????
??t!  1? '(t;x2) = '(t;x1) = 0??????
lim
t! 1
L('(t;x2)  '(t;x1)) = 0:
??????0  L(y)?????L(y) = 0???????? t1 < 0?
y1 = '(t1;x2)   '(t1;x1)???? L(y1) > 0????L(y1)???? L(y)
??????????????????????
L(y) < 0
??????
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?????????? ?????????????????????????
?????????????????? x1;x2?????L(x2   x1) > 0??
?????????????????????????x 2 R3?????? s?
????L(x)?L(sx)???????????x1? x2??????? ???
?????????
?? ??????????????? s; 0 < s < 1????
x(s) = sx1 + (1  s)x2
????????????
L(x(s)) < 0:
???L(x1) = 0; L(x2) = 0???
L(x(s)) = s2L(x1) + (1  s)2L(x2) + s(1  s)(xT1 Y x2 + xT2 Y x1)
= s(1  s)(xT1 Y x2 + xT2 Y x1)
??????s(1  s) > 0???
xT1 Y x2 = x
T
2 Y x1 < 0
?????????L(x2 x1) > 0????????????? ???????
????
?????? x0 2 ?????? (a; b) 2 Dp??????????????
???? ??????????????? l???????????????
????????????l???????x0(a; b)?????????????
???? (a; b)???????????? x0(a; b)?????????
???????
F0 : Dp 3 (a; b)! x0 2 
??????????????
5.4 ???????????
??????????????Brouwer?????????????????
????????????????????????????????????
?????????????Brouwer???????????????????
???????????B0; B1?????????S0; S1???????????
??????????????????????
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 0 : B0 ! Dp???????????????????????????
?????????????
 F0 : Dp ! l?l???????????????????????(a; b) 2
Dp????????????????? ?????? x0(a; b)? F0??
??????????????????5.3????????
???? F0(Dp)?X0  l????
 F1?????X0????????????????? l0????Lyapunov
?????? L 1(l0)?????x0 2 X0??????? '(t;x0)? L 1(l0)
?????? t = T1(x0)???F1(x0) = '(T1(x0);x0)??????????
???? l0??? T1(x0)??????????????????????
???????????????????????????L 1(l0)???
??????????T1?x0????????????F1???????
??
???? F1(X0)?X1????
 F2?????X1????x1 2 X1??????? '(t;x1)???? L 1(0)
??????x2 2 L 1(0)??????L 1(0)?????????????
??????????????????????????????????
???????x1?????????????????????????
?? F2(x1) = x????????????????? F2???????
?????
?????? '(t;x)????????????????????????
??????????????????????????
F2???????????????????????x = 0????F2?
????? l-????? L 1(l0)?? L 1(0)??????????????
F2 : L
 1(l0) 3 x1 ! x2 2 L 1(0)
??
x2 = x1 +
Z 0
l0
f(x(l))
fTY x(l) + xT (l)Y f
dl
?????????????? t??? l????????????????
????????x(l)??? x?????????? '(t;x)??? L 1(l)
?????? t?????????????????? dL=dt???????
Lyapunov????????????????????x(l)???????
? 0?????????????????????? f ??????Df 
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?????
f(x)  Df x
fTY x+ xTY f  xTAx
A := (Df )TY + Y Df 
????????????A?????
l = xTY x
??????????????????????????????
r := jjxjj; v = xjjxjj
x = rv
??????????????? "?????Z 0
l0
f(x(l))
fTY x(l) + xT (l)Y f
dl =
Z "
l0
f(x(l))
fTY x(l) + xT (l)Y f
dl
+
Z 0
"
f(x(l)
fTY x(l) + xT (l)Y f
dl
????????????????????????????Z 0
"
f(x(l)
fTY x(l) + xT (l)Y f
dl 
Z 0
"
Df x
xTAx
dl
=
Z 0
"
Df v
rvTAv
dl
=
Z 0
"0
Df v
rvTAv
2rvTY vdr
= 2
Z 0
"0
Df v
vTAv
vTY vdr
??????? "0 =
p
"=vTY v????A??????????????
????? 0?????????????????????????????
?????? F2????????
 F3 : X2 !  ????????????? ????R3?? ??????
P  ??????? ????x???????????????????
???????????? x 2 L  [ L 1(0)????
P (x) = x
 ) x = x
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?????????????????????????????????L 
??????????????????????????
F3 = P ??????? F3(X2)?X3   ????
 F4 : X3 ! Br???? x ???????? r??? Br   ?????
x3 2 X3????x???????Br??? Sr????????????
? y?????? F4??????????????
F4(x3) =
(
y; for x3 =2 Br:
x3; for x3 2 Br:
???? F4(X3)?X4  Br????
 1 : Br ! B1??????????x?B1??????????????
???????????????????????????????
???????????????????????????????
F = 1  F4  F3  F2  F1  F0  0
?B0??B1?????????????Brouwer?????????????
????F ? S1???????? FS???????
 FS(S0)  S1
 FS???????????
???????????????????????Brouwer??????????
F ?B1????????????G???????????????
F4  F3  F2  F1  F0(a; b) = x
??? (a; b) 2 Dp??????????F4; F3??????
F2  F1  F0(a; b) = x
????F2????????????????F1 F0(a; b)?????????
??????x0 = F0(a; b)????????????F1??????????
?????'(t;x0)????????????????????
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5.5 ???????????
????????? F ??????????? FS ????????????
????????Dp?????????L 1(0)???????????????
????????????????????????????????????
????????????????????????????????????
??? FS????????????????
????????????????????????????????Dp ??
???????? (a; b)???????????????????? ?????
?????X0???? Y0  X0?
Y0 = fy0 j y0 = F0(a; b); (a; b) 2 @Dpg
????????????????????????Y2  X2?
Y2 = fy2 j y2 = F2(F1('(T1(y0);y0)));y0 2 Y0g
????????
?????????????????????????????? (a; b) 2 @Dp
??????? y0????????????????L ????? T^ ????
???????T^ ??(a; b)?????????????????? YT ?
YT = fyT jyT = '(T^ ;y0);y0 2 Y0g
?????? F 01? F 01(y0) = yT ????????
???F3 = P ???? YT ???  ???????????????????
P (YT )????? [P (YT )]???????????????
(A1) [P (YT )]???? x???????
??????
????? (A1)????????????????????? r0???Br0?
 ?????????? Sr0?????? P (YT ) ??????????????
????????? F4??????Br???????Br0??????? F 04?
??Br0??B1??????????????????????01??????
???
F 0S = 
0
1  F 04  F3  F 01  F0  0
??????Br0?P (YT )???????????????F 0S(S0)  S1????
???????????? 0 < r00  r0??????? r00??????????
?????????????????F 0S????? r0????????????
????????????????????????????????????
??????
????? (A1)???
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 FS????? F 0S???????????
?????????????????
F 0S??? FS???
FS = 1  F4  F3  F2  F1  F0  0
???????F 0S ??FS ??????????? Y2????????? y2 =
F2(F1('(T1;y0)))????? '(t;y)? yT = '(T^ ;y0) 2 YT ??????????
???? F3???????????????????????? '(t;y2) = yT
????? t? T 0(a; b)??????? (a; b) 2 @Dp?????????????
????
???'(t;y2), 0 < t  T 0(a; b) ? Lyapunov?????????L [L 1(0)?
????????????F3????????  ??????P ('(t;y2)) = x
??????'(t;y2) = x ?????????x ?????????????
y2 = x
????????? '(T 0(a; b);y2) = x????????? (A1)???
??????
(B1) 0  t  T 0(a; b)??????? P ('(t;y2)) 6= x
?????????????x =2 P (Y2)????????????? r?????
??Br?????????P (Y2) ?????????????????????
???????FS(S0)  S1??????????????? (a; b) 2 @Dp????
y(h) = '(hT 0(a; b);y2); 0  h  1
??????y2 = y(0);yT = y1????h???????Yh = fy(h)j(a; b) 2 @Dpg
????????? (B1)???? P (Yh)?????????????????
?? r(h)?????Br??????Br(h)    ???????????????
P (Yh)????????????????????????? r(h)??????
?????????? 0  h  1??????????????????????
?? r?????????F4 = F 04;1 = 01????
????h?????????? Fh? Fh(y2) = yh????????????
???? F hS ?
F hS = 1  F4  F3  Fh  F2  F1  F0  0
???????Br(h)?P (Yh)??????????????F hS (S0)  S1???
?????????????? T 0(a; b)???????F hS ? 0  h  1????
??? S0 ! S1??????????????
F hS jh=0= FS; F hS jh=1= F 0S
??????F hS ?FS?F 0S?????????????FS?F 0S???????
????????????????????????
???????????????
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 [P (YT )]???????A1???????????????
 Br0? [P (YT )]????????????? r0???
 ?? F 0S ??????(a; b) 2 @Dp??????? F4(P (yT )) 2 Sr0 ???
?Br0??? Sr0?????????????????????? IS???
????????
??????????????????????????????????
6 ???
? 4?????????????????????????????????
?????? 5??????????F ???????????????????
6.1 ????
???????????8>>>>>><>>>>>>:
dx
dt
=  y   z
dy
dt
= x+ ay
dz
dt
= bx+ (x  c)z
(6)
????????????Rossler?????????????????????
??????? (a; b; c) = (0:38; 0:30; 4:82)?????????????????
??????? [10]????????????????????????????
??????????? a??? b???????????????????
?? (a; b; c) = (0:38; 0:30; 4:82)???????????
(x; y; z) = (1:0 10 5; 1:0 10 4; 0) (7)
?????t = 74:8?????????????????? (? 1)????? (6)
?????????????????????????????????????
?????????????????????????????????????
? (6)??????????????????????????????????
?????????????????Wilczak????????????????
????????????
??????????Dp?
Dp = [0:3797; 0:3804] [0:2993; 0:3008]
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?????????????? a; b??????????? (7)????????
??????????? a; b????????????
? 1: ? (6)?????????????
????? ? 2: ??????????Dp
6.2 Lyapunov??
6.2.1 Lyapunov?????
? (6)???? x = [0; 0; 0]T ????? Lyapunov????????????
???? (a; b; c) = (0:38; 0:30; 4:82)????????????????????
? Lyapunov????????????x??????? (6)????????
Df ??
Df  =
0B@ 0  1  11 0:38 0
0:30 0  4:82
1CA
???????Df ?????????????????
 =
0B@ 0:1597 + 0:9815i 0 00 0:1597  0:9815i 0
0 0  4:7594
1CA
?????????????????????????X??
X =
0B@ 0:7086 0:7086 0:1977 0:1543  0:6873i  0:1597 + 0:9815i  0:0385
0:0411  0:0081i 0:0411 + 0:0081i 0:9795
1CA
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????????????????????????????????????
??????????????????????????????? (?????
Lyapunov?????????????)???????? I ????? ik ??
i1 = i2 =  1; i3 = 1?????????Lyapunov????????
L(x) = (x  x)TY (x  x)
= xTY x
= xTRe(X HIX 1)x
= x
0B@  1:0671  0:2324 0:1424 0:2324  1:0584  0:0071
0:1424  0:0071 1:0257
1CAx
????
? 3: Lyapunov?????? L 1(0)
6.2.2 Lyapunov?????
Lyapunov???????????????????? a; b????????
Dp ????????????????????????????a; b??[a] =
[0:3797; 0:3804]; [b] = [0:2993; 0:3008]???????????
???????????
[x] = [ 1:0; 1:0]
[y] = [ 1:0; 1:0]
[z] = [ 0:5; 1:0]
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????Lyapunov?????????????????? Stage???????
??DL1?
[x] = [ 0:1; 0:1]
[y] = [ 0:1; 0:1]
[z] = [ 0:1; 0:1]
????????????????
6.3 ?????????????
????? Lyapunov?????? L 1(0)????? ??????????
? ?????????
(x; y; z) = (1:0 10 5; 1:0 10 4; 0)
?????z ???????????????? ? DL1 ??????????
Lyapunov????????????????????????l? ????
?????
????????????????????????????????????
??????????????????????? [X0]????(1:010 5; 1:0
10 4; [ 5:8 10 7; 5:6 10 7]) ???????? (a; b) 2 Dp???????x0
? [X0]????????
???????Dp???X0????F0?????????????????
?L ??????????????????????????????????
z?????????? 2 10 2??????????Lyapunov???????
???Dh???????
????? ????????L 1(l 1)????l 1 > l 2??? l 2?????
??????? l 1 =  1:0228  10 8?l 2 =  1:9212  10 4 ????????
??????????????L 1(l 2)??????? z??????????
?
?????????? ! 2 
? l 2  L(!)??????????
????

j(j = 1;    ; 128)???? (? 4)?'( 1;
j)  L+ ????????????
??? (? 5)????????
??????????????????????
??????????? L 1(l 2)?????????????????????
???5.2????? L ????< 1 >?< 2 >??????????
??????????????Dp ! X0??? F0???????
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? 4: ??? L 1(0)????
j ? 5: 
j? t =  1?????
6.4 ??????????????
???????Dp?
Dp1 = [0:3797; 0:3800] [0:2993; 0:3000]
Dp2 = [0:3797; 0:3800] [0:3000; 0:3008]
Dp3 = [0:3800; 0:3804] [0:2993; 0:3000]
Dp4 = [0:3800; 0:3804] [0:2993; 0:3008]
Dp = Dp1 [Dp2 [Dp3 [Dp4
??????????????????????????[X0]?????????
??????? t = 72:98528(= T1)??????? 6??????? [X1]???
???7???? [X1]??????????L 1(l)????? l????l = 0:52496
????????????[X1]????x??? 0 < l0 < l??? l0?????
????????
????[X1]??????? 0 < t  1?????? L 1(l0)???????
L 1(0)?????????
?? L+?
[x] = [ 0:9001; 1:2001]
[y] = [ 1:1001; 1:0000]
z =  1:0000
???? (? 8?????????)????????L+????Dh????
?? ??????????????? 9???? [X1]???????????
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? 6: ?????????????? [X1] ? 7: [X1]????
?????? dz=dt??
dz
dt
= bx+ (x  c)z
= [0:2993; 0:3008]  [ 0:9001; 1:2001]
+ ([ 0:9001; 1:2001]  4:82)  ( 1:0000)
= [ 5:9908; 3:2590]
?????????????? z????????? 5.2????? L+??
????< 1 >???????? L+??? ???????????????
????????????????????[X1]?????????L 1(l0)??
? L 1(0)??????
????? 5?????
F0 :Dp ! X0
F1 :X0 ! X1
F2 :X1 ! X2
????????????????
6.5 ????????????
1????????Dp??? @Dp????????????????????
???????????????? 4600???????????????
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? 8: ??? L 1(0)??????? 
? 9: [X1]? ?????
?? [X0] = (1:0 10 5; 1:0 10 4; [ 5:8 10 7; 5:6 10 7]) ?????
???????????????t = 74:78(= T^ )????? [YT ]?? 10?
???????????[YT ]?????? [YT1];    ; [YT4600]???????
???? Lyapunov???
L = [YTi]
TY [YTi]
= [YTi]
T
0B@  1:0671  0:2324 0:1424 0:2324  1:0584  0:0071
0:1424  0:0071 1:0257
1CA [YTi]
(i = 1;    ; 4600)
????????????????????????????[YT ]  L ?
????? x =2 [YT ]????
2?[YT ]?????x??????? ????P ??????? ??? xy
??????????P ???? [P (YT )]??5.4???????
(A1) [P (YT )]???? x???????
???????????? (11)??????????????? r0???
?????[P (YT )]??????????????? r0???Br0????
??????????
?????F3; F4????????????FS??? F 0S????????
?????
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? 10: ?????? t = 74:78????? [YT ]
? 11: YT ????  ???????? [P (YT )]
(3) [P (YT )]? x?????????????????????????? @Dp
? 4600?????????????????? c1;    ; c4600???
C1 = c1 [ c2 [    [ c1533
C2 = c1534 [    [ c3066
C3 = c3067 [    [ c4600
?????????????? c1;    ; c4600??????? v1;    ; v4600?
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V1 = v1 [ v2 [    [ v1533
V2 = v1534 [    [ v3066
V3 = v3067 [    [ v4600
????????[P (YT )] = V1 [ V2 [ V3???????? IS??????
? (1)?(4)?????????????????????????????
?FS???????????? 12? vn(n = 1;    ; 4600)??x?????
?     ???????????n??????? ?? ???
?????????????? 0????????????
? 12: vn? x???????? ????
???????? 5.4?????????????????? [a1; a2] [b1; b2] =
[0:3797; 0:3804] [0:2993; 0:3008]??????????????????????
???????????????????????????
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7 ??????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
??????????????????????????????????
Lyapunov???????????????????????????????
????????????????????????????????????
????????????????????????????????????
????????????????????????????????????
???????? n???????????????????????????
??????????????????????????????
8 ??
???????????????????????????????????
??????????????????????????
????
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